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1RZZKHQFRPSXWHUWHFKQRORJ\KDUGZDUHFRPSRQHQWKDVPDGHDEUHDNWKURXJKLQDOOFKDUDFWHULVWLFVGLUHFWLRQRI
VROYLQJRSWLPL]DWLRQSUREOHPVLVQRWDSULRULW\7KLVIDFWSURYHVWKHDQDO\VLVRIPRGHUQ&$5'6)RUH[DPSOH LQ
*UHHN &$5'6 ± $QDGHOWD 7HVVHUD KWWSZZZDQDGHOWDFRP OLQN LV YDOLG IRU  DOO WKH DWWHQWLRQ RI
GHYHORSHUVLVIRFXVHGRQWKHGHVLJQGHFLVLRQVYLVXDOL]DWLRQEXWWKHWUDFLQJSURFHVVWKHGHVLJQRIORQJLWXGLQDOSURILOH
LVQRGLIIHUHQWIURPPDQXDOO\WHFKQRORJ\
:H GR QRW VHH RSWLPL]DWLRQ DOJRULWKPV LQ WKH V\VWHP $GYDQFHG 5RDG 'HVLJQ 9 KWWSZZZDGYDQFH
GURDGGHVLJQFRPDXOLQNLVYDOLGIRU:HFDQVHHPRUHWHFKQLFDORSSRUWXQLWLHVIRURSWLPL]DWLRQEXWOHVV
RSWLPL]DWLRQVROXWLRQV
$QDO\VLVRIRSWLPL]DWLRQPHWKRGVLQ&$5'6
6RYLHW VSHFLDOLVWV XVHG RSWLPL]DWLRQ DOJRULWKPV LQ YHUWLFDO DOLJQPHQW Ɏɟɞɨɬɨɜ  )RU GHVLJQLQJ RI URDG
ORQJLWXGLQDO SURILOH RSWLPL]DWLRQPHWKRG RI ERXQGDU\ )LOVKWDLQ  DQG LWHUDWLRQV JUDGLHQW SURMHFWLRQPHWKRG
.KDYNLQKDGEHHQGHYHORSHG
$EGXOODK($ND\KDGFRQVLGHUHGWKHHYROXWLRQRIFRPSXWHUDLGHGURDGGHVLJQV\VWHPV$ND\+HKLJKOLJKWV
FRPSXWHUDLGHGURDGGHVLJQV\VWHPV
V\VWHP , 3DUNHU 1$  KDG XVHG D DSSURDFK WR GHWHUPLQH WKH KRUL]RQWDO DQG YHUWLFDO DOLJQPHQW WKDW
PLQLPL]HGFRQVWUXFWLRQFRVWV
V\VWHP,,7U\SLD0KDGGHYHORSHGDPRGHOWRPLQLPL]HWKHWRWDOFRQVWUXFWLRQFRVW
V\VWHP,,,0D\HU5DQG6WDUN5KDGGHYHORSHGDOLQHDUSURJUDPPLQJPRGHOIRUPLQLPL]LQJWKHFRVWRI
WKHHDUWKPRYLQJDFWLYLWLHV
V\VWHP,9(DVD60KDGGHYHORSHGDPRGHOWRPLQLPL]HWKHFRVWRIHDUWKZRUNE\LQFOXGLQJWKHERUURZ
FRVWV
V\VWHP9*RK&-  KDG LQFOXGHG WUDQVSRUW FRVWV LQWR FRPSXWHUDLGHG URDG GHVLJQ DQG KDG GHYHORSHG
G\QDPLFSURJUDPPLQJPRGHO9HUVLRQDDQGVWDWHSDUDPHWHUL]DWLRQ9HUVLRQEPRGHO
V\VWHP9,'RXJODV5$DQG%6+HQGHUVRQKDGGHYHORSHGDFRPSXWHUG\QDPLFSURJUDPPLQJPRGHO
IRUIRUHVWURDGORFDWLRQSUREOHPV
V\VWHP9,,,FKLKDUD.HWDOKDGGHYHORSHGDPRGHOWRORFDWHWKHYHUWLFDODOLJQPHQWRIDIRUHVWURDGZLWK
PLQLPXPFRQVWUXFWLRQFRVWV
V\VWHP9,,,$ND\$(GHYHORSHG'IRUHVWURDGDOLJQPHQWPRGHOWRRSWLPDOO\ORFDWHWKHURDGDOLJQPHQW
E\PLQLPL]LQJGLIIHUHQWSDUDPHWHUV
$ND\DOORFDWHGRSWLPL]DWLRQFULWHULDVHH7DEOH
7KHPRVWFRPSOHWHLV$ND\V\VWHP$ND\
7DEOH&DSDELOLWLHVRIWKHV\VWHPVEDVHGRQWKHVSHFLILHGFULWHULD$ND\
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7KHDERYHV\VWHPVKDYHDVLJQLILFDQWGLVDGYDQWDJHV\VWHPVIRUXVHRQFRPSXWHUVLQDQGHYHQKDYH
EHHQRXWGDWHGIRUPRGHUQFRPSXWHUWHFKQRORJ\
7KH\FDQKDYHWRSLFDODSSURDFKEXWQRWDFWXDOLPSOHPHQWDWLRQ$QHQJLQHHUPXVWXVHDV\VWHPWKDWKDYHWRSLFDO
DSSURDFKDLPHGDWDFWXDOLPSOHPHQWDWLRQ
7KH DQDO\WLFDO IRUHFDVWLQJ &$5'6 GHYHORSPHQW VKRZV WDQGHP WKHRU\ DQG FRPSXWHU FDSDELOLWLHV Ɇɭɫɢɟɧɤɨ

7KHPDLQDSSURDFKHVIRU&$5'6
7KHPDLQDSSURDFKHVIRU&$5'6DUHWDQJHQWLDOWUDFLQJDQGWUDFLQJE\PHWKRGRIIOH[LEOHUXOHU7KHILUVWDSSURDFK
LQYROYHV WUDFLQJE\VWUDLJKWVHFWLRQVZLWKFLUFXODUFXUYHV$OVR WKLVDSSURDFK LVXVHGIRUPDQXDOKLJKZD\VGHVLJQ
WHFKQRORJ\EHFDXVHLWLVUHDOL]HGWKURXJKVLPSOHFDOFXODWLRQV,QWKLVDSSURDFKVWUDLJKWVHFWLRQVKDYHSULRULW\VRLQ
JHQHUDOWKH\GRPLQDWHILQDOO\LWQHJDWLYHO\DIIHFWVRQURDGVDIHW\
,Q WKH SDVW WUDFLQJ E\ PHWKRG RI IOH[LEOH UXOHU UHDOL]HG ZLWK IOH[LEOH UXOHU UHVSHFWLYHO\ )RU FRPSXWHUDLGHG
GHVLJQLQJRIWKLVSURFHVVVSHFLDOLVWVXVHGLIIHUHQWIXQFWLRQDOGHSHQGHQFLHVDVWKHFXUYHVZKLFKVLPXODWHIOH[LEOHUXOHU
)RU H[DPSOH &$5'6 &5('2¶V GHYHORSHUV LPSOHPHQWHG WKH PHWKRG RI VSOLQHV WUDFLQJ WKURXJK WKH SRLQWV
KWWSZZZFUHGRGLDORJXHUXOLQNLVYDOLGIRU)LJ


)LJ$QH[DPSOHRIWKHPHWKRGRIVSOLQHVWUDFLQJWKURXJKWKHSRLQWVLQ&$5'6&5('2
3K\VLFDOPRGHOVRIWUDFNV
,QPRGHUQ&$5'6WKHSK\VLFDOPRGHORIWKHSURSRVHGIOH[LEOHFXUYHVDQGWUDFNV±LVD©UXEEHUWKUHDGªWKDWKDV
PDQ\GHJUHHVRIIUHHGRP
0DQ\ GHJUHHV RI IUHHGRP GHWHUPLQH WKH FRPSOH[LW\ RI RSWLPL]DWLRQ DOJRULWKPV 7KH QXPEHU RI LWHUDWLRQV IRU
VROYLQJRSWLPL]DWLRQSUREOHPVLVH[WUHPHO\OLPLWHGEHFDXVHGLJLWDOPRGHORIWKHSURMHFWLVDYHU\FRPSOH[VSDWLDO'
PRGHOHYHQDWWKHSUHVHQWOHYHORIFRPSXWHUWHFKQRORJ\GHYHORSPHQW2QHZD\RXWRIWKLVVLWXDWLRQLVWRUHGXFHWKH
GHJUHHVRIIUHHGRPRIWKHWUDFNZLWKRXWUHGXFLQJLWVIXQFWLRQDOILWQHVV7KHSURFHVVRIUHGXFLQJWKHGHJUHHVRIIUHHGRP
DVWKHURDGV\VWHPLQWKHODQJXDJHRIV\VWHPVWKHRU\FDOOHGWKHSURFHVVRIUHGXFLQJWKHFRPSOH[LW\RI WKHV\VWHP
ȽɚɜɪɢɥɨɜHWDO
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2QH RI WKH V\VWHP FRPSOH[LW\ GHWHUPLQLQJ FRQFHSWV LV WKH LQIRUPDWLRQWKHRUHWLF FRQFHSW WKDW OLQNV V\VWHP
FRPSOH[LW\DQGV\VWHPHQWURS\,QWKLVFRQFHSW:$VKE\VXJJHVWHGWRXVHYDULHW\DVPHDVXUHRIWKHFRPSOH[LW\WKDW
HVWLPDWHGE\QXPEHURISRVVLEOHVWDWHVRIWKHV\VWHPn
/+DUWOH\SURSRVHGWRXVHWKHORJDULWKPLFVFDOHLQRUGHUWRHVWLPDWHWKHV\VWHPFRPSOH[LW\ȽɚɜɪɢɥɨɜHWDO
ORJnɇm    
ZKHUHHm±DPHDVXUHRIFRPSOH[LW\WKHPD[LPXPHQWURS\RIWKHV\VWHP
7KHSK\VLFDOPRGHO±³IOH[LEOHEUDFHOHW´SURYLGHJUHDWHUWUDFNIOH[LELOLW\DWORZHUPD[LPXPHQWURS\FRPSDUHGWR
WKHSK\VLFDOPRGHO³UXEEHU WKUHDG´0XVLLHQNR6SDFHFXUYH LQ WKLVPRGHO LVDOVRIOH[LEOHEXW LWKDVVRPH
OLPLWDWLRQVDQGDFFRUGLQJO\PD[LPXPHQWURS\LQWKLVPRGHOLVOHVV([WUDIOH[LELOLW\SUHVHQWLQWKH³UXEEHUWKUHDG´
PRGHOH[FHVVLYHIOH[LELOLW\([WUDIOH[LELOLW\PDNHVLPSOHPHQWDWLRQRIRSWLPL]DWLRQDOJRULWKPVGLIILFXOW
,PSOHPHQWDWLRQRIWKHSK\VLFDOPRGHO±³IOH[LEOHEUDFHOHW´
7KHPHWKRGRIIOH[LEOHEUDFHOHW0*%KDGEHHQSURSRVHGDVLPSOHPHQWDWLRQRIKLJKZD\VWUDFLQJSK\VLFDOPRGHO
± ³IOH[LEOHEUDFHOHW´ ɍɝɧɟɧɤɨɆɭɫɢɟɧɤɨ7KH HVVHQFHRI WKLVPHWKRG LV DV IROORZV WKHUH LV VRPH LQLWLDO
LQGLYLVLEOHHOHPHQWZKLFKFDQKDYHDGLIIHUHQWJHRPHWULFVKDSHLQWKHSODQHDQGLQVSDFH,WLVFRQQHFWHGWRDQRWKHU
HOHPHQWYLD OLQNDJH/LQNDJHFDQEHERWK ULJLGDQGIOH[LEOH7KH WUDFNRI URDG LV WKHFXUYH WKDWDSSUR[LPDWHV WKH
JHRPHWULF FHQWHUV RI WKH LQLWLDO LQGLYLVLEOH HOHPHQWV ,W LV DGYLVDEOH WR VWDUW LPSOHPHQWDWLRQ RI WKLVPHWKRG XVLQJ
UHFWDQJOHDVDQLQLWLDOLQGLYLVLEOHHOHPHQWEHFDXVHUHFWDQJOHLVWKHVLPSOHVWSRVVLEOHJHRPHWULFVKDSHV/LQNDJHPXVW
EHULJLGDVWKHVLPSOHVWFDVHDOVR)LJ


)LJ7KHVWUXFWXUDOHOHPHQWRIDWUDFN±UHFWDQJOHD±OHQJWKRIWKHHOHPHQWE±ZLGWKRIWKHHOHPHQWF±OHQJWKRIWKHOLQNDJH
7KHVWUDLJKWOLQHLVHOHPHQWDU\FDVHRIWUDFLQJEHWZHHQSRLQWV$DQG%)LJ
/HQJWKRIWKHWUDFNLVGHWHUPLQHGE\WKHIRUPXOD
 caAB ncnaL ''    
ZKHUHn±WKHQXPEHURIZKROHXQLWVEHORQJLQJWRWKHVHJPHQW$%Pn±WKHQXPEHURIZKROHOLQNDJHEHORQJLQJ
WRWKHVHJPHQW$%ǻa±WKHUHPDLQGHURIHOHPHQWOHQJWKPǻs±WKHUHPDLQGHURIOLQNDJHOHQJWKP
7KHIOH[LEOHEUDFHOHWFLUFOHLQVFULELQJLVWKHPRUHFRPSOLFDWHGFDVHRI0*%WUDFLQJ)LJ

 
 )LJ6WUDLJKWWUDFLQJ )LJ7KHIOH[LEOHEUDFHOHWFLUFOHLQVFULELQJ
:HKDYHWZRFDVHVIRUIOH[LEOHEUDFHOHWFLUFOHLQVFULELQJZKHQHOHPHQWVGRQRWWRXFKHDFKRWKHURQWKHLQQHUHGJH
)LJDQGZKHQWKH\FRQWDFWOLPLWSRVLWLRQRIWKHOLQNV/LPLWSRVLWLRQRIHOHPHQWVLVGHWHUPLQHGE\WKHLUJHRPHWU\
)LJ
&XUYDWXUHRIDKLJKZD\WUDFNLQ0)%FDQEHGHWHUPLQHGE\WZRIDFWRUV0)%JHRPHWU\FRQVWUDLQWV)%&DQG
VLWXDWLRQUHOLHIFRQVWUDLQWV65&
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&XUYDWXUHRIDKLJKZD\WUDFNDFFRUGLQJWR)%&LVGHSHQGHGRQOLQNIRUPVLQSODQHDQGLQVSDFHOLQNJHRPHWU\
W\SHRIOLQNDJHIOH[LEOHULJLGOHQJWKRIOLQNDJHFKDQJHVLQWKHVHSDUDPHWHUVDORQJWKHWUDFN
&XUYDWXUHRIDKLJKZD\WUDFNDFFRUGLQJWR65&LVGHSHQGHGRQKLJKZD\VGHVLJQLQJQRUPVPLQLPXPRU
UHFRPPHQGHGUDGLXVHVPLQLPXPRUUHFRPPHQGHGVORSHSDUDPHWHUVRIFORWKRLGHWF
7KHFLUFOHLQVFULELQJRIIOH[LEOHEUDFHOHWZKHQHOHPHQWVFRQWDFWKDVVRPHUDGLXV7KHSUREOHPRIGHWHUPLQLQJWKLV
UDGLXVLVDQLPSRUWDQWJHRPHWULFDOSUREOHPRIVL]HVDVVLJQPHQWIRUHOHPHQWVDQGOLQNDJH)LJ

 
 )LJ/LPLWSRVLWLRQRIHOHPHQWV )LJ7KHWUDFNUDGLXVDWOLPLWSRVLWLRQRIHOHPHQWV
7KLVUDGLXVRIWKHFLUFOHLVGHILQHGE\IRUPXOD%HOXDOLɆɭɫɢɟɧɤɨȻɭɥɭɚɥɢȺɥɚɥɟ
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7KHRSWLPL]DWLRQDOJRULWKPVGHYHORSPHQWLVWRSLFDODUHDVRI&$5'60)%KDGEHHQSURSRVHGLQRUGHUWRIDFLOLWDWH
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